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ABSTRACT
This study was conducted to evaluate the nutritional quality of two types of cheese prepared from bovine whey: Urda and 
Ricotta. Cheeses were examined for chemical parameters and their amino acids profile was determined. The results revealed 
that the chemical composition of the observed whey cheeses was highly significantly different (p<0.01) from each other. 
The amounts of dry matter, fat, protein, lactose, ash and salt were higher in Ricotta compared with Urda cheese samples. On 
the other hand, Urda contained more moisture, fat on a dry matter basis and moisture on a fat-free basis (79.59%, 27.50%, 
84.27% versus 69.82%, 21.02%, 74.56%, respectively). Especially higher yield, salt in moisture content and energy values 
were observed in Ricotta cheese (5.93%, 3.12%, 145.99Kcal/100g versus 4.39%, 2.40%, 108.97Kcal/100g; Ricotta and Urda, 
respectively). Whey cheeses are a particularly good source of amino acids containing approximately - Ricotta: leucine 
(1.60g/100g), lysine (1.17g/100g), phenylalanine (0.78g/100g) and followed by threonine (0.77g/100g), while Urda contained 
leucine (0.80g/100g), lysine (0.45g/100g), threonine (0.68g/100g) and phenylalanine (0.31g/100g). Both cheese varieties 
contained glutamic and aspartic acid as the predominant non-essential amino acids (Ricotta: 3.91g/100g and 1.68g/100g 
versus Urda: 1.65g/100g and 0.80g/100g, respectively). Generally, from a nutritional point of view, the investigated whey 
cheeses could be considered as cheeses with low salt and fat content, as well as cheeses particularly abundant in branched 
chain amino acids (leucine, isoleucine and valine). These results also emphasize their advantages as products that present a 
cost-effective way of dealing with whey as waste material.
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INTRODUCTION
 
Whey, which contains about 50% of the total 
solids of milk and was regarded as waste until 
recently, can serve as the raw material for the 
production of a wide range of food products and 
food ingredients (1). Thanks to its components, 
whey also represents a valuable product as a 
material for cheese production (2). Cheese made of 
whey is substantially different in its composition 
and in particular in the content of proteins which 
make lactoalbumin and lactoglobulin, unlike 
cheese proteins consisting of casein and para-
casein. Furthermore, they are significantly 
different from one another in terms of chemical 
composition, which is mainly due to variations 
in the source and type of whey, as well as to the 
processing practices followed (3). The composition 
of cheese has a marked influence on all aspects of 
its quality (4). In general, whey cheeses have such 
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a composition and properties which give them 
justification for their separation as a special group 
of dairy products (5). Ricotta is mostly known as 
unripened soft whey cheese that originated from 
Italy. Traditionally, the starting material used 
for the manufacture of Ricotta cheese was whey 
collected during Mozzarella cheese production 
(6). The texture of Ricotta is soft and creamy and 
with a pleasant taste of cooked milk (7). At present, 
Ricotta cheese can be made from almost any type 
of sweet whey (pH ≥ 6) (6) and it is increasingly 
produced in industrial conditions (8). Moreover, 
Urda cheese production in industrial conditions 
can occupy an important place in assortment range 
of milk products, because of its high biological 
value and flavour qualities (9). Urda is known as 
an albumin rich cheese obtained by heat-induced 
coagulation of whey proteins. It belongs to the soft 
cheese group and is mostly  used as fresh cheese 
(10). Milk, cream or other raw materials of milk 
origin can be added to the whey cheese production, 
before or after concentration or coagulation. This 
increases the nutritive value of the whey cheese, 
the quantity of protein and the quantity of essential 
amino acids in the protein (5). Kaminarides et al. 
(11) reported that the addition of skimmed milk 
to whey in the production of traditional Greek 
whey cheese (Myzithra) resulted in a new dietary 
product, with good quality, harder texture and 
higher levels of ash. A number of previous studies 
have been performed to compare the quality and 
chemical composition of different whey cheeses 
varieties, but the amino acids profile may be also a 
useful criterion in the determination of their value 
(6). The nutritional value of whey cheese is mainly 
determined by its high-quality proteins, which are 
easily digestible and have a high level of utilization 
(12). Whey proteins contain essential and non-
essential amino acids in higher concentrations as 
compared to vegetable protein sources (13). Besides 
that, whey proteins are a great source of branched 
chain amino acids (BCAAs) (leucine, isoleucine and 
valine), which are particularly useful for athletes 
and sarcopenic conditions (2). BCAAs are the only 
amino acids not degraded in the liver (14). Most 
cheeses contain significant amounts of fat, and 
nutritionists emphasize that cheeses with higher 
protein content and less fat are more desirable for 
human nutrition (15). Particularly, low-fat dairy 
products do not increase the risk of cardiovascular 
disease (16). Cho et al. (17) reported that the 
consumption of Ricotta cheese in amounts of more 
than 25 mg per day could be protective against colon 
cancer. In addition, carbohydrates which are found 
in the form of lactose are generally considered to 
be of low carcinogenicity (18). Moreover, Ricotta 
and Urda cheese as low-calorie dairy products are 
important in the diet of elderly people. In the future, 
finding ways to incorporate protein-rich foods that 
are not high in calories, fat and cholesterol into the 
diet and then translating this into increased whole-
body lean mass can be challenging (19). 
Due to the growing popularity of Ricotta and 
Urda cheese in Serbia and as this topic was the 
examined scantily, the aim of the study was to 
evaluate the chemical composition of two whey 
types of cheese, Urda and Ricotta, produced in 
industrial conditions. Furthermore, the amino 
acids profiles of the investigated cheeses were 
determined. Based on this data, we made an 
assessment and a comparison of their chemical and 
amino acids characteristics.
MATERIAL AND METHODS
 
Production of semi-hard cheese
For the production of semi-hard (Kashkaval) 
cheese, pasteurized and standardized bovine milk 
was used. The production technology of semi-hard 
cheese was described by Popović-Vranješ (5).
Chemical composition of whey
Obtained whey in the process of production 
of semi-hard cheese had an average value of dry 
matter of 7.01%, protein 0.76%, fat 0.41%, lactose 
4.84% and ash 0.60%.
Whey cheese production 
Samples of Urda and Ricotta cheese were 
produced from sweet whey in a local cheese 
plant. Manufacture of whey cheese is based on the 
principle that whey proteins will precipitate when 
slightly acidified (pH=6) and then heated to high 
temperatures (80-85°C) (3). An acidification agent, 
which is applied in the form of an aqueous solution 
of citric acid, is needed to help the denaturation and 
final precipitation of the whey proteins (20). 
Manufacture of Urda
Manufacturing of Urda albumin cheese, 
according to the industrial production technology 
(5), was provided using bovine whey which was 
heated gradually under continuous stirring to 85ºC. 
At this point, monohydrate citric acid (E-330) was 
added to the whey (in the amount of (0.05-0.1%) as a 
water solution (2.5%)). It decreased the pH value of 
Comparison of the chemical composition of whey cheeses: Urda and Ricotta
153
the starting material to approximately 5.42 (Table 1). 
As the temperature reached a value above of 85°C, 
the heater was turned off and the whey stood still 
around 30 minutes until a thick layer of curd was 
formed on the surface. When the curd formed, it was 
transferred to the thick strainer for drainage during 
the next 6-7 hours, at a temperature of 19-21ºC, 
and self-pressing. After completion of the 
squeeze, curd was salted (in an amount: 1-2%, at a 
temperature of 10-12ºC). Finally, Urda was packed 
in plastic cups (250g to 500g), using a thermo-
welding package and products were shifted to the 
refrigerator and cooled (1-8°C). Urda is usually sold 
as fresh cheese and stored up to 3 to 4 days.
Manufacture of Ricotta 
Manufacturing of Ricotta cheese, according 
to the industrial production technology (5), was 
provided using whey which was slowly heated by 
injecting steam with low pressure. Whole milk was 
added at a temperature of 60-70°C (in the amount 
of 10%, the milk also had been previously heated 
to 40-50ºC). The average chemical composition of 
the milk was: 11.99% dry matter, 3.38% fat, 3.34% 
protein, lactose 4.25%, 1.02% ash and a pH value of 
7.03. The mixture after that was heated gradually 
under continuous stirring up to 80-90°C, for 15 min. 
At this stage, monohydrate citric acid (E-330) (in 
an amount of 0.02-0.05%) was added as a water 
solution (1.5-2%). The citric acid reduced the 
pH value to approximately 5.44 (Table 1). Gentle 
stirring  was provided until small curd particles of 
the coagulated whey proteins appeared. After that, 
the insertion of steam was slowly decreased, the 
mixture standing still until the curd became firm. 
The curd then was transferred to into perforated 
moulds and mass drainages for 10 minutes. Protein 
mass was self-pressed at a temperature of 15-20°C, 
during the next 20 minutes. Salting of the cheese 
was carried out at a temperature of 10-12ºС, then it 
was left in the mould, cooling at low temperatures 
(4-10°C), for 6-12 hours. Ricotta is packed in 
hermetic plastic cups (250g to 500g).  It could be sold 
as fresh or stored at refrigerator temperature (1-8ºC) 
for up to 30 days. The samples were analyzed fresh.
Collecting samples and physical analyses 
Samples were collected during a one month 
period, arranged at the same time intervals. During 
the production process, the active acidity of whey 
and cheeses were measured with a pH meter (WTW, 
type ino Lab pH 720) (AOAC 981.12) (21). The 
obtained cheeses were weighed immediately after 
production, using a digital weight scale (Sartorius, 
TE2145). The yield of the cheese was calculated as 
follows: yield = weight of cheese x100/ weight of 
whey (5).
Chemical analysis
The chemical compositions of 15 samples 
of Urda and Ricotta from different production 
batches were determined after their production 
(total, n=30). About 100g of cheese was taken from 
various parts of the cheese mass for analyzing. The 
proximate analysis of the cheese and whey samples 
was carried out following the standard methods of 
the Association of Official Analytical Chemists 
(22), unless otherwise stated. The total solids were 
determined with a standard method of measuring 
weight loss after drying (AOAC 926.08-1927). 
For determination of protein content was used 
Kjeldahl-Van Slyke method for the determination 
of total N (AOAC 2001.14) with a Kjeltec Auto 
Analyzer (Model 2400, Tecator, Hoganas, Sweden) 
and converting with a multiplication factor of 
6.38. The fat content was determined according to 
Van Gulik (23), the lactose by gravimetry method 
(AOAC, 930.28) (24) and ash by dry ashing at 550°C 
(AOAC 935.42). The NaCl content was determined 
by colourimetric titration with a chloride analyzer 
(model 926, Corning, Medfield, MA, USA). The 
chloride analyzer is intended for general laboratory 
use and is calibrated in ppm (mg/l) chloride. 
A simple factor switch offers the immediate 
conversion of chloride content into mg% (NaCl) 
of the original sample. The factor is obtained using 
the atomic weight of Na (22.98) and Cl (35.45). The 
molecular weight of NaCl is 58.43 and to convert 
from Cl to NaCl we multiply by 58.5/35.45=1.6482. 
The obtained reading for chloride is converted 
using this factor and after that multiplied by the 
100:1 dilution factor = 3300 mg % or 3.3 %. 
Fat on a dry matter basis (FDM, %) was 
calculated as fat/(100-moisture)×100, and moisture 
on a fat-free basis (MFFB, %) was estimated 
as moisture/(100-fat)×100. Calculations for salt 
in moisture (S/M, %) were performed using the 
equation: cheese salt (%) x 100/(100-cheese total 
solids, %) (5). The energy value was determined 
according to Popović-Vranješ (5).
 
Amino acids profile
The amino acids profile of whey cheeses was 
performed following the protocol of Henderson (25). 
Three replicates of both types of cheese (Ricotta, 
n1=3;  Urda, n2=3) were analyzed for the content of 
amino acids after acid hydrolysis, using the HPLC 
method (High-Performance Liquid Chromatograph 
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Chromaster, Zorbax Eclipse-AAA column (4.6 × 
250,5 µm) with DAD-3000 (diode array detector). 
Statistical analysis
Based on the obtained analytical results, the 
parameters of pH values, yield and content of 
the analyzed components in the cheese samples 
were compared. The obtained results of cheeses 
were analyzed using Statistica 9.0 and significant 
statistical differences were determined using one-
tailed t-test (for two samples). The significance 
level was set at p<0.05 and p<0.01. In addition, 
descriptive statistics were applied and the results 
were presented as the arithmetic mean, range and 
coefficient of variation.
RESULTS
pH values of whey and cheeses
Samples of Urda and Ricotta cheese were 
produced from whey with similar initial pH values, 
which ranged from 6.31 to 6.53 and 6.30 to 6.48, 
respectively (Table 1). The significant differences 
in pH values during cheese production between 
investigated cheeses were not established. The 
final Ricotta during packaging had a pH value in 
the range of 5.65-6.05, while Urda varied between 
pH 5.60-6.24 (Table 1).
Chemical composition
Results related to the chemical composition 
of whey cheeses are presented in Tables 2 and 3. 
Investigated cheeses showed a highly significant 
difference (p<0.01) in their chemical composition. 
In particular, Urda possessed a higher percentage 
of moisture, while Ricotta samples were more 
compact and contained significantly higher 
protein content (79.59% vs. 69.82%, and 10.66% 
vs. 16.88%, respectively). The range between 
minimal and maximal assessed values for protein 
and fat content of both types of cheese was very 
high (Ricotta, 14.88-18.72% and 4.25-7.58% vs. 
Urda, 8.94-12.71% and 4.00-7.00%, respectively). 
At the same time, coefficients of variation of 
Urda varied more in regard of dry matter (7.99% 
vs. 5.50%), protein (9.66% vs. 6.28%) and lactose 
(14.29% vs. 8.39%), while values for fat content 
were within narrow limits (16.87% vs. 16.35%, 
respectively).
The milk addition in Ricotta cheese 
production also resulted in higher yields of cheese 
and higher energy value of Ricotta compared to 
Urda cheese (p<0.01). Estimated mean values 
amounted to 145.99kcal/100g vs. 108.97kcal/100g 
(Ricotta and Urda, respectively) (Table 3). 
Likewise, in the case of other parameters, the 
level of salt was significantly greater in Ricotta 
cheese (2.18% vs. 1.95%, respectively) (p<0.01). 
Considering these parameters and the levels 
of S/M together with the pH indicates whether 
proper procedures were used to manufacture 
these specific cheese varieties. It was observed 
that both types of cheese varied widely in terms 
of ash content (14.14% vs. 15.21%, Urda and 
Ricotta, respectively). 
Table 1. pH values of Urda and Ricotta whey cheese during the production process
Parameters
URDA RICOTTA
   Xmin-Xmax  x ± Sd cv (%) Xmin-Xmax  x ± Sd cv (%)
pH of whey, input 6.31-6.53 6.46 ± 0.05 0.77 6.30-6.48 6.41 ± 0.05 0.78
pH of whey, adjusted with citric 
acid 5.13-5.66 5.42 ± 0.17 3.14 5.19-5.67 5.44 ± 0.12 2.21
pH value during draining of the 
curd 5.34-5.89 5.62 ± 0.16 2.85 5.21-5.77 5.67 ± 0.14 2.47
pH value after the salting 5.58-6.01 5.77 ± 0.12 2.08 5.61-5.88 5.70 ± 0.08 1.40
pH value of the cheese during  
packaging 5.60-6.24 5.97 ± 0.16 2.68 5.65-6.05 5.85 ± 0.12 2.05
x -arithmetic mean; Sd-standard deviation; cv (%)-coefficient of variation; minimal X (min) and maximal X (max) values of  variables
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Table 2. The chemical composition of Urda and Ricotta cheese
Samples
URDA RICOTTA
Moisture
(%)
DM
(%)
Fat
(%)
Protein
(%)
Lactose
(%)
Moisture
(%)
DM
(%)
Fat
(%)
Protein
(%)
Lactose
(%)
1 81.80 18.20 5.0 9.42 2.58 71.08 28.92 4.25 17.43 4.62
2 78.08 21.92 6.0 10.98 3.79 69.20 30.80 5.43 18.72 4.63
3 80.24 19.76 4.5 10.97 3.31 72.99 27.01 5.26 14.88 3.97
4 78.36 21.64 7.0 10.32 3.17 69.01 30.99 6.73 17.32 3.93
5 78.21 21.79 7.0 10.24 3.54 70.72 29.28 7.14 15.94 3.85
6 80.56 19.44 6.5 9.58 2.43 68.50 31.50 7.50 16.34 4.98
7 78.85 21.15 6.0 11.21 3.13 68.49 31.51 7.24 16.97 4.31
8 78.81 21.19 5.5 11.03 3.87 67.95 32.05 6.50 18.21 4.20
9 82.21 17.79 4.5 8.94 3.48 67.46 32.54 7.32 18.03 3.99
10 81.46 18.54 4.0 9.99 3.35 69.84 30.16 6.54 17.41 3.88
11 79.62 20.38 5.5 10.93 3.18 67.95 32.05 7.58 17.37 4.54
12 81.39 18.61 5.0 9.98 2.67 70.60 29.40 5.10 16.89 4.31
13 77.98 22.02 6.5 12.31 2.28 70.16 29.84 6.54 16.31 4.68
14 79.43 20.57 5.0 11.27 3.32 72.43 27.57 5.25 15.45 4.55
15 76.81 23.19 6.5 12.71 3.11 70.94 29.06 7.03 15.97 3.97
x 79.59 20.41 5.63 10.66 3.15 69.82ᵇ 30.18ᵇ 6.36ᵇ 16.88ᵇ 4.29ᵇ
Sd 1.63 1.63 0.95 1.03 0.47 1.66 1.66 1.04 1.06 0.36
cv (%) 2.05 7.99 16.87 9.66 14.29 2.34 5.50 16.35 6.28 8.39
DM-dry matter; x-arithmetic mean; Sd-standard deviation; cv (%)-coefficient of variation
ᵇ Statistically significant difference (p<0.01) existed between Ricotta and the corresponding parameters obtained for Urda cheese
Table 3. Results of the chemical composition of the Urda and Ricotta
Samples
URDA RICOTTA
Ash
(%)
NaCl
(%)
S/M 
(%)
Yield 
(%)
EV
(KJ/100g)
EV
Kcal/100g
Ash
(%)
NaCl
(%)
S/M 
(%)
Yield 
(%)
EV
KJ/100g
EV
Kcal/100g
1 0.91 1.90 2.32 3.90 400.35 95.37 2.62 2.13 2.99 5.93 543.52 129.93
2 1.21 1.89 2.42 4.45 486.77 116.36 2.02 1.98 2.86 6.38 611.73 146.18
3 0.98 1.87 2.33 4.70 419.99 100.40 2.89 1.94 2.66 6.45 527.94 126.21
4 1.15 1.99 2.54 4.47 503.73 120.41 3.01 2.04 2.96 6.23 627.33 149.96
5 1.01 2.01 2.57 4.84 508.70 121.59 2.35 2.36 3.34 5.55 617.22 147.54
6 0.93 2.04 2.98 4.47 458.88 109.69 2.68 2.28 3.33 5.98 657.47 157.16
7 0.81 2.07 2.62 4.32 479.39 114.59 2.99 2.36 3.43 5.60 646.67 154.58
8 0.79 1.94 2.46 4.60 469.53 112.24 3.14 2.35 3.47 6.33 637.25 152.33
9 0.87 1,92 2.34 4.68 388.09 92.77 3.21 2.02 2.99 6.12 662.46 158.36
10 1.20 1.86 2.28 4.60 384.42 91.89 2.33 2.12 3.04 6.25 619.59 148.11
11 1.19 1.88 2.36 4.27 455.99 108.99 2.56 2.31 3.40 5.90 670.69 160.32
12 0.96 1.98 2.43 4.35 411.50 98.37 3.10 1.98 2.80 5.33 568.19 134.35
13 0.93 2.01 2.58 4.12 503.14 120.27 2.31 2.19 3.12 4.60 614.45 146.88
14 0.98 1.91 2.40 4.01 444.77 106.32 2.22 2.14 2.95 5.64 547.28 130.82
15 0.87 1.98 2.58 4.00 524.24 125.31 2.09 2.50 3.52 6.73 615.50 147.14
x 0.99 1.95 2.40 4.39 455.97 108.97 2.63ᵇ 2.18ᵇ 3.12ᵇ 5.93ᵇ 611.15ᵇ 145.99ᵇ
Sd 0.14 0.06 0.18 0.28 44.61 10.69 0.40 0.17 0.27 0.53 43.27 10.45
cv (%) 14.14 3.28 7.26 6.38 9.78 9.81 15.21 7.80 8.65 8.94 7.08 7.16
 S/M (%) -salt in moisture; EV-energetic value (KJ/100g); EV-energetic value (Kcal/100g); x-arithmetic mean  Sd-standard 
deviation; cv (%)-coefficient of variation
ᵇ Statistically significant difference (p<0.01) existed between Ricotta and the corresponding parameters obtained for Urda cheese
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Table 4. Classification of Urda and Ricotta samples according to fat on a dry matter basis and moisture on a 
fat-free basis content
Samples
URDA RICOTTA
FDM DMWF MFFB C-1 C-2 FDM DMFW MFFB C-1 C-2
1 27.47 13.20 86.10 semi fat soft 14.69 24.67 74.23 low fat soft
2 27.37 15.92 83.06 semi fat soft 17.63 25.37 73.17 low fat soft
3 22.77 15.26 84.02 low fat soft 19.47 21.75 77.04 low fat soft
4 32.34 14.64 84.26 semi fat soft 21.72 24.26 73.99 low fat soft
5 32.15 14.79 83.10 semi fat soft 24.38 22.14 76.16 low fat soft
6 33.44 12.94 86.16 semi fat soft 23.81 24.00 74.05 low fat soft
7 28.37 15.15 83.88 semi fat soft 22.98 24.27 73.84 low fat soft
8 25.96 15.69 83.40 semi fat soft 20.28 25.55 72.67 low fat soft
9 25.29 13.29 86.08 semi fat soft 22.49 25.22 72.79 low fat soft
10 21.57 14.54 84.85 low fat soft 21.68 23.62 74.73 low fat soft
11 26.99 14.88 84.25 semi fat soft 23.65 24.47 73.52 low fat soft
12 26.87 13.61 85.67 semi fat soft 17.35 24.30 74.39 low fat soft
13 29.52 15.52 83.40 semi fat soft 21.92 23.30 75.07 low fat soft
14 24.31 15.57 83.61 low fat soft 19.04 22.32 76.44 low fat soft
15 28.03 16.69 82.15 semi fat soft 24.19 22.03 76.30 low fat soft
x 27.50 14.78   84.27       21.02ᵇ 23.82ᵇ 74.56ᵇ
Sd 3.28 1.06 1.21 2.78 1.21 1.33
cv (%) 11.93 7.17 1.44 13.22     5.08 1.78
FDM-Fat on a dry matter basis; DMWF-Free fat dry matter; MFFB-Moisture on a fat-free basis; x-arithmetic mean;  Sd-standard 
deviation; cv (%)-coefficient of variation; C-1: Classification according to FDM of cheese according to the Serbian Regulations (26);  
C-2: Classification according to MFFB according to the Serbian Regulations (26)
ᵇ Statistically significant difference (p<0.01) existed between Ricotta and the corresponding parameters obtained for Urda cheese
Table 5. The amino acid composition of Urda and Ricotta (g/100g)
URDA RICOTTA
Essential
amino acid x Sd cv (%)
Essential
amino acid x Sd cv (%)
Histidine nd - - Histidine 0.13 0.008 6.15
Threonine 0.68 0.009 1.32 Threonine 0.77ᵃ 0.012 1.56
Valine 0.26 0.023 8.85 Valine 0.50ᵇ 0.046 9.2
Methionine 0.12 0.005 4.17 Methionine 0.36ᵃ 0.021 5.83
Phenylalanine 0.31 0.038 12.26 Phenylalanine 0.78ᵃ 0.061 7.82
Isoleucine 0.23 0.021 9.13 Isoleucine 0.33ᵇ 0.034 10.30
Leucine 0.80 0.045 5.62 Leucine 1.60ᵇ 0.046 2.87
Lysine 0.45 0.055 12.22 Lysine 1.17ᵇ 0.056 4.79
Non-essential
amino acid x Sd cv (%)
Non-essential
amino acid x Sd cv (%)
Asparatic acid 0.80 0.048 6.00 Asparatic acid 1.68ᵇ 0.085 5.06
Glutamic acid 1.65 0.065 3.94 Glutamic acid 3.91ᵇ 0.091 2.33
Serine 0.47 0.020 4.25 Serine 1.09ᵇ 0.035 3.21
Glycine 0.14 0.011 7.86 Glycine 0.33ᵇ 0.057 17.27
Arginine 0.16 0.017 10.62 Arginine 0.41ᵇ 0.012 2.93
Alanine 0.37 0.021 5.67 Alanine 0.74ᵇ 0.021 2.84
Tyrosine 0.22 0.012 5.45 Tyrosine 0.65ᵇ 0.033 5.08
x-arithmetic mean; Sd-standard deviation; cv (%)-coefficient of variation; 
ᵃ Statistically significant difference (p<0.05) existed between Ricotta and the corresponding parameters obtained for Urda cheese; 
ᵇ Statistically significant difference (p<0.01) existed between Ricotta and the corresponding parameters obtained for Urda cheese
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The obtained values of FDM, DMWF and 
MFFB are presented in Table 4. The average values 
of MFFB and FDM were higher in Urda cheese, 
while Ricotta possessed a higher level of DMWF, 
but a smaller coefficient of variation (cv: 5.08% 
and 7.17%, respectively). According to the criterion 
of Serbian Regulations (26) and based on FDM 
content, twelve examined samples of Urda belonged 
to semi-fat and only three to low-fat cheeses. On 
the other hand, all examined samples of Ricotta 
cheeses belonged to the group of low-fat cheeses. 
In addition, based on MFFB content all samples 
belonged to the group of soft cheeses.
Amino acids profile 
Table 5. showed the results of amino acids 
composition for the examined cheeses. In Ricotta 
cheese, the leucine was the major essential amino 
acid, followed by lysine, phenylalanine and 
threonine. Urda cheese was also more abundant in 
leucine, threonine, lysine and phenylalanine, while 
histidine was not observed. Means for non-essential 
amino acids indicated that glutamic acid was 
present at a high concentration (Ricotta, 3.91g/100g, 
vs. Urda, 1.65g/100g, respectively). The results also 
demonstrated that the essential amino acids of Urda 
and Ricotta cheese represented more than one-third 
of the total amino acids in whey cheese proteins 
(42.80% vs. 39.03%, respectively). Furthermore, if 
we observe the amino acids with branched chain 
(BCAAs), they accounted for 45.26% and 43.09% 
of the total content of essential amino acids, in Urda 
and Ricotta samples, respectively.
 
DISCUSSION
The quality and nutritional value of cheese 
is defined by its composition (1). As a standard, 
Ricotta is made from sweet whey because high 
acidification destabilizes whey proteins and in 
the production of this cheese usually whey with 
pH values above 6.2 is used (27). In our research, 
whey used in the production of Urda and Ricotta 
possessed higher pH value that ranged from a 
minimum of 6.30 up to 6.53. The pH values were 
monitored during the production process and 
coefficients of variation showed small variations 
between different batches. Such results indicate 
that the production process had been harmonized 
in terms of these parameters and the addition of 
milk did not have a significant influence (p<0.05, 
p<0.01). There are several studies reporting that 
the shelf life of Ricotta is limited (even under 
refrigeration) because of high moisture content and 
its initial pH above 6.0 (3, 7). Therefore, the results 
of Alichanidis and Polychroniadou (20) showed 
that most fresh whey cheeses measured a moisture 
content of 65–70% with pH values of 5.5-6.0. Our 
results for Urda cheese differed, as the approximate 
moisture amounted to 79.59%, whereas Ricotta was 
within this range. These values characterize them 
as high-moisture cheese (26). It is also known that a 
high value of moisture and pH with a low salt level 
contributes to the physicochemical and sensory 
properties of cheese and could lead to flavour and 
textural defects (1). It should also be noted that 
different whey cheeses possessed different pH 
values of final products. Vrdoljak et al. (28) reported 
the pH value of whey cheese (skuta) was in a range 
from 6.06 to 6.42, whereas creamy Ricotta showed 
a higher initial pH (6.77) (29). Compared with this, 
the whey-based Ricotta obtained from sheep milk 
measured a pH value of 6.54 (30). The level of salt 
in cheese is very important because it contributes 
to cheese flavour, control of microbial growth, 
enzyme activity and acts as a natural preservative. 
Also, it significantly contributes to the nutritional 
value of the cheese. The concentration (%) of salt 
in cheeses ranges from 0.7 in Swiss cheese to 6 
for Domiati cheese (6). Salt concentration seemed 
to have the strongest influence on cheese quality 
and the lowest percentage of downgraded cheeses 
can be expected in the salt range 1.6-1.8% (S/M: 
4.0-4.9%) (1). Obtained values for our cheeses 
are lower than those mentioned in the relation of 
salt in moisture content, but higher in relation to 
the percentage of salt in the cheese (S/M: 2.48% 
vs. 3.12%, and 1.95% vs 2.18%, Urda and Ricotta, 
respectively). Most dietary guidelines worldwide 
recommend moderate salt intake and there has been 
considerable interest in the production of reduced-
sodium cheeses (1). 
Production of good quality low-fat whey cheese 
is particularly challenging, because even small 
variations in the cheese-making process can result 
in cheeses with a different composition. The amount 
of various nutrients retained in the curd largely 
depends on the type of cheese being manufactured, 
the type of whey used and the method of 
coagulation. Because of the large natural variation 
of whey, it is unlikely that cheeses made of whey 
will have exactly the same composition. According 
to Codex regulations, whey cheese must not exceed 
33% of FDM and must contain minimum 10% of 
FDM (31) and our results were in conformity with 
these values (FDM, 27.50% vs. 21.02%, Urda and 
Ricotta, respectively).  Often, in order to improve 
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the cheese (compositional) quality and production 
yield a certain percentage of milk, cream, salt, 
citric acid or acetic acid is added to the whey.  As 
a result of this, the different Ricotta brands retain 
yield which ranges from to 6% (32), while the yield 
of Urda cheeses varied from 2.11% to 5.32% (5). 
Results in our study confirmed that whey cheeses 
are not high-yield cheeses (approximate: Urda, 
4.39% vs. Ricotta, 5.93%, respectively). Findings 
of a large study indicated that there is no uniform 
chemical composition of these products and results 
in terms of the chemical composition of Ricotta are 
very diverse. Souza et al. (33) evaluated 30 samples 
of Ricotta and found that 16.67% of the samples 
could be classified as low-fat cheese, 23.33% as 
semi-fat cheese and 60% as full-fat cheese. In the 
chemical composition of Ricotta cheese produced 
in laboratory conditions water was dominant 
(72.89%), while protein, fat and ash were amounted 
by only 0.6%, 0.7%, and 6.9%, respectively 
(34). Examining artisanal and industrial Ricotta 
samples Mattera et al. (35) noticed that industrial 
Ricotta showed a greater homogeneity in view of 
their chemical composition. Lack of uniformity 
with greater coefficients of variation found for fat 
(48.35%) and protein (23.61%) was determined in a 
research done by Madalozzo et al. (36). Casti et al. 
(30) indicated the role of raw material quality and 
contrary to our results they obtained higher values 
for total solids (42.12%), fat (19.55%), protein 
(14.84%) and salt (3.42%) for Ricotta produced 
from whey from sheep milk cheeses. Similarly, 
traditional Urda in the study by Bojanic-Rasovic 
et al. (37) was substantially different in average 
chemical composition from our results for Urda. 
In particular, they showed higher mean values of 
dry matter (42.85%), fat (21.74%), protein (13.66%), 
and salt content (2.67%). Our results also differed 
from results previously published by Pappa et al. 
(38) concerning traditional made Urda cheese 
from sheep and goat whey (protein: 14.57% and 
12.63%, respectively, and fat: 28.50% and 29.70%, 
respectively), but were in similarity with the 
findings of Alichanidis and Polychroniadou (20) 
with regard to protein and lactose content in fresh 
Urda cheese (9-14% and 3.5-4.5%, respectively).
Total fat content and total energy are the most 
important factors for human health when choosing 
a cheese. Consumer demand for low-fat calorie 
products has significantly increased in recent 
years. According to this study, low-fat cheeses 
are a good way of reducing energy in the diet. 
Fox et al. (1) reported that Ricotta cheese contains 
144kcal/599kJ of energy value, which is similar 
to our results. Generally, cheeses are considered 
as a protein concentrate, but whey cheeses have a 
high content of preferred amino acids for human 
nutrition. In fact, whey cheeses, such as Ricotta 
and Urda, can make a significant contribution to 
the recommended intake for proteins which are 
characterized by their easy assimilation. Ricotta, 
as acid coagulated cheeses treated with high 
temperature, contains all three milk proteins (casein, 
lactoglobulin and lactoalbumin) in appreciable 
amounts. In general, cheese provides all essential 
amino acids except methionine and cysteine in 
more than the recommended quantities for children 
or adults (39). Each amino acid has a specific 
role and Wolfe (40) stated that dietary proteins in 
cheese are rich in essential amino acids and amino 
acids with branched-chain (BCAAs), in particular, 
leucine provides health benefits that typically 
are not observed in a meal containing proteins 
from other sources. Thus, BCAAs are important 
precursors of tricarboxylic acid (TCA) cycle 
intermediates via acetyl-CoA and succinyl-CoA 
and they are necessary for muscle cells to promote 
protein synthesis (41). Our presented results are 
corroborated by the findings of Borba (29), where 
major essential amino acids were leucine, followed 
by lysine and threonine and means for non-essential 
amino acids indicated that glutamic acid was 
present in at higher concentrations. Similar results 
were published by Mohamed et al. (42). However, 
little research has been conducted to describe the 
amino acids content of Urda cheese made from 
bovine whey. Bilyk (43) investigated traditional 
Urda made from sheep and mixed sheep and bovine 
whey, and their results as expected showed higher 
amino acids content for all investigated amino acids, 
but the major essential amino acids were the same 
(leucine, lysine and threonine). Slightly different 
results for Bračka skuta cheese made from sheep 
whey were published by Rako et al. (44), where 
prevailing amino acids were leucine, phenylalanine 
and isoleucine.  Furthermore, an amino acid 
composition for Ricotta originating from cow’s and 
sheep’s whey was similar and protein quality was 
good (chemical score 91 for sheep and 89 for cow 
milk Ricotta samples) in both Ricotta types (35).
CONCLUSION
The results observed by the Ricotta chemical 
composition showed a considerable difference 
from Urda cheese samples. Milk addition seemed 
to have the strongest influence on cheese quality 
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and therefore significantly affected Ricotta 
composition and quality. Ricotta contained higher 
levels of dry matter, fat, protein, ash, and salt, 
while Urda possessed higher values for fat on a dry 
matter basis and moisture on a dry matter basis. 
The results also confirm that Ricotta belongs to 
the group of low-fat cheese and Urda to the groups 
of low and semi-fat cheeses. However, despite 
standardizing procedure in cheese manufacture, 
whey cheese composition still widely varied, 
thus confirming the difficulties in producing 
whey cheese of uniform quality. In particular, 
Urda varied more in protein and lactose content, 
while Ricotta showed more variations for yield 
and salt content. Contrary to this, the dynamics of 
change in pH values did not show large variations 
during the production of different batches. The 
two types of cheese also have different amino 
acid profiles and the content of investigated amino 
acids was significantly higher in Ricotta. On the 
other hand, both types of cheese contained a high 
content of essential amino acids. Obtained results 
on the amino acid composition of investigated 
whey cheeses represent valuable information 
about their protein quality and could contribute, 
as well,  to the nutrition and health research. This 
further confirms that whey cheeses will gain 
more importance as nutritious food once their 
nutritional attributes have been standardized and 
consistent.
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